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SUBSYSTEM MAME: CREITAL MANEUVEAING SYSTIM (SMS) .
REVISION : & 02/05/31
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PART NAME PART NUMBER
VENDOR MAME YENDOR NUMBER
B .=l : YALVE, TANK I[SOLATION, 19X MC2RA.0230.0023,/0047
] PARKER HANNTTIN ©OTTECCE3-.33/.06
a LAk : VALVE, TANK [SCLATION, FUEL MC284-5430-002270028
g FARKER -AARNITIHN 5750630~ 03/106
T T T hamy nata T
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EXTEMDED DESCRIPTIOM OF PARY UNDER AMALYS[S: .
VALVE, TANK [3QLATICN, a,C. MOTGR AGTUATED, 11%/200 ¥, AL, 3-PHASC, <50
He, 1.0 AMP MAX (2-PMASE), 1.0 AMP {3 PHASE). (L7482, 384, 461, 4&3,
=62, 584, 541, 563}

GLANTITY OF LIKE ITEMS: 8
4 PIR POD [PARALLEL)

FUNCTION;

TWO PARALLEY, REDUMDANT ISOLATION VALVES ARE USED PER TANX TO [SQLATE OMS
PROPELLANT (QURING OMS CROSS-FEED. THEY ARE ALSO USED T PREVENT HELIUM
INGESTION TO ENGINE AT PROPELLANT RUM OUT, TO [SOLATE LEAXS BY MAMUAL
SWITCH ACTUATION, AND ARE ALSO USED QURING GROUND OPERATIONS. FUEL AND
OXIDIZER VALVE ARE DPERATED INDEFEMDENTLY FOR C/0. THE ACTUATOR ASSEMBLY
CONSISTS OF 115 v.A.C., 400 HZI, THREE PHASE MOTOR (CAPABLE OF 2Z-PHASE
OPERATION) QPERATING THROUGH A PLANETARY GEAR TRAIN WITH MICROSWITCRING
TO CONTROL MOTOR POWER. THE FLOW ASSEMBLY CUNSISTS OF LIFT-OFF BALL
VALVE ACTUATED THROUGH A KUTATING FINGER ORIVEM BY THE ACTUATOR. AN
INTERNAL RELIEF DEVICE IS5 PROVIDED., THERMAL SWITCHES ON EACH AL PHASE
iﬂ;igRUPT ELECTRICAL POWER WHEM YALVE HOUSING REACHES A TEMPERATURE GF
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-~ CAITICAL FAILURE #Q0E
NUMBER: 03-3-2007-02

& 03/68/590

REVISIONS
SUBSYSTEM: ORBITAL MANEJVERING SYSTEM [CMI)

S05260Y
AT TACHMENT -
PRGE 35 CF i

=

LRU ;vALYE, TARK ISJLATION, 2 CAITICALITY OF THIS

[TEM MAME: (aLVE, TANK [SQLATTON, FUEL

- o o T e o SR ol R

FATLURE MODE:

FATLS CLOSED, FAILS TO OPEN, FAILS TG REMALN DPEN, RESTRICLYED FLTW.

HISSICN PHASE:

Ld LIFT-0FF
&0 ON-GRBIT
Jd DE-GRBIT

VEHICLE /PAYLOAD /KIT EFFECTIVITY: 102 COLUMBIA
4 s 03 DISCOVERY
04 ATLANTIS
168 ENDEAYQUR

L LI L

CAUSE:

ELECTAICAL OPEN, JAMMING CF SALLSHAFT CR CaM5, CORRDRSICN, RESIDUE.
MATERIAL OR SPRIMG DEFECT, PREMATURE SIGMAL (FA[LED V.P.I.) PLUGSED

INLET FILTER., TWO OF TWREE THERMAL SWITCHES FAIL OPEN.
CRITICALITY 171 OURIMG INTACT ABORT OHLY? NO

REDUNDANCY SCREEN A} PASS

- e —————

FAILURE MCDE:IRZ

B) PASS
C) PASS
PASS/FAIL RATIONALE:
A)
B)
C}
T FATLURE EFFECTS -

(A} SUBSYSTEM:

LOSS JF REDUNDANCY,

(B) INTERFACING SUBSYSTEM(S):
SAME AS (A)
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FAILURE MODES :FFECTS ANALYSIS (FMEA) - CRITICAL FAILURE MODE ATTACKHENT - |
NUMBER: 03-1-2007-02 ' PAGE 60 0F 265 .

{C} MISSION:

(D) CREW, JTHICLE, AND ELEMENT({5]:
SAME A5 [ D)

(E} FUNETEUH&L_ERITIEALITT EFFECTS: “
POSSLILE CREW/YEHICLE L2258 - FIILED CLOSEY TF PARALLEL IEToNIuT vAL4S3 K
RESULTS IN "NABILITY :a JTILIIE/CEPLETE PROPELLANT REQ'D FIR JESRYIT 4

POSSIBLE £.G. PRCBLEM QUE VO WEIZHT OF REMAINING FROPELLENT,

RESTRICTED FudW THRCUGH ONE vALJE NOT GE'::T#ELE IN FLEGHT {30CTH VALYES

JPEN FOR ALL MANEUVERS).

A e O e O mk ok e e e skl Ol whe ol R N N L - A oy oy = —— e W TT W -

- DISAOSITION RATIDHALE -
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(A} DESIGH:

AC MOTOR VALVE IS 3-PHASE, 2 OF 3 WINDINGS ARE ADEQUATE FIR YALUE

FUNCT 2N, SERIES {H?BHID] RELAYS PROVIDE REDUNDANCY FOR ELECTRICAL
POWER SIGNAL. ADDITIONALLY, PARALLEL REDUNDANT VALVES 3RE PROVIOED. A
400-MICRON FILTER [$ UTILIZED ON THE INLET ANQ OUTLET TQ LIMIT THE
POTENTIAL FOR CONTAMINATION CAUSED FAILURE OR JAMMING GF MOVING

PART§. AN INTERNAL RELIEf DEVICE IS PROVIDED.

{B) TEST:

QUALIFTCATION TEST

(4 UNITS), SHOCK, ENDURANCE (2500 CYCLES), THERMAL CYCLING (+20 10
«150 DEG F), RAHDDH VIBRATION, PROPELLANT EXPOSLRE, SURBE PAESSUAE,
BURST (2000 PSI). ALSO QUALIFIED AS PART OF £QD ASSEHEL? -
VIBRO=-ACOUSTIC TESTING AT JSC (131 EQUIVALENT MISSIONS). HOT-FIRE
TEST PROGRAM AT WSTF-517 TESTS {24 EQUIVALENT MISSIONS). APPROX. 7
YRS PROPELLANT EXPASURE.

ACCEPTANCE TEST

IN-PROCESS QELLOW LEAK TEST, THERMAL PROTECTION SWITCH ACTUATION,
PROOF AND EXTERMAL LEAXAGE, INTERNAL LEAKAGE, RELIEF VALVE FUNCTION,
ACCIPTANCE VIBRATION, ELECTRICAL PERFOAMANCE, PRESSURE OROP,
INLET/OUTLET SCREEN RATING, CLEANLINESS.

GRACUND TURNAROOND

v43CA0.045 PERFGRMS FIRST FLIGHT ELECTRITAL VERIFICATION.

V43CA0.072 PERFORMS REDUNDANT ELECTRICAL CIRCUIT VERIFICATION SVERY
FLIGHT.

Va3CAD.075 PERFORME ELECTRICAL [NTERFACE VERIFICATION ON A {QMTINGENCY
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL FAILURE MODE ATTACHMENT -

NUMBER: 03-3-2007-02 FRGE &1

34515,
JAILF0. 210 PEAFQRMS PRCPTLLANT SERUILING TO FLIGHT LCAD EWERY FLIGHT
AND VERIFIES PRCPELLANT COMFCRMANCT T3 SE-3-1073.
SICFIC, 295 PERRORME SUMCTIGHAL TEST OF CRITICALITY [ vALNSS
AGE-_AUNCH,
Y4208, .55 JECUIRAES LICH-FLIGHT SNIFF TEST 7O YERLIFY A0
PROPELLANT JAPCR [N JALJE ALTUATGR.

(C) ENSPECTTON:
RECEIYING INSPECTION
MATEAZALS AND PROCESSCS CIRTIFICATIONS ARE VER[FIZD BY INSPECTION,

CONTAMINATION CONTROL
LL‘#HLIHESS TO LIYEL 2C0 FOR MMw AND 200 & FCOR N7 AND CORROSION
PROTECTIAN PRECVISIONS ARE VERIFIED BY INSPELTICON.

ASSEMBLY/INSTALLATION

MANUFACTURING, ASSEMBLY AND INSTALLATION PROCEDURES ARE VERIFIZJ BY
INSPZLTION, EQIT'EAL JIMENSICNS AND SURFAGE FINISHES ARE VEALFZED B8Y
THSPECTION, ADDITIOMAL [MSPECTIONS HAVE BEEM ACODED FOR ME4 WALVE
BUILDS INCLUBING 100% INSPECTION DF BELLCWS WELD, WELD SAMPLES AT
BEGINNING OF EACH SALIFT, AND INSPECTION OF EACH COLLAR AFTER TRIMMING.
BELLOWS KRYTOX FILL VERIFICATION [S ALSQ PERFORMED.

NONDESTRUCTIVE EVALUATICN

CASTINGS ARE PENETRANT AND X-RAY INSPECTED QW THE QETAIL LEVEL. WELDS

RECEIVE VARIOUS COMBIMATIONS OF X-RAY, PENETRANT, VISUAL AND LEAK TEST.

SOME WELDS SUCH AS BELLOWS END WELDS ARE WOT X-RAYED. BELLOWS END

WELDS ARE LEAK TESTED AND VISUALLY EXAMINED. THE WALVE [S X-RAY

é:SPECTED AFTER PROOF PRESSURE TEST TO VERIFY THAT THE BELLOWS HAS NOT
FORMED.

CRITICAL PROCESSES

THE WELDIMG PROCESS AMD VERIFICATION THAT WELDS MEET SPECIFICATION
REQUIREMENTS ARE VERIFIED 8Y INSPECTION. WELDING PER 2 EPS §7E0D23,
SOLDERING PER NWES300.4 {3A) AND KRYTOX FILL PER 2 EPS 5750023 ARE
VERIFIED BY [HSPECTION.

TESTIMG

TEST EQUEPMENT AMD TOOL CALIBRATION ARE VERIFIED 8Y INSPECTION.
ACCEPTANCE TEST IS VERAIFIED @Y IWSPECTION. THERMAL SWITCH ACTUATION IS
VERIFIED AT PRE-ACCEPTANCE LEVEL {PRIOR TO ASSEMELY INTO VALVE).

HANDL ING/PACKALGING

HANDLING, PACKAGIMG, STORAGE AND SHIFPING REGUIREMENTS ARE YERIFIID BY
INSPECTION.
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FAILURE MOQES EFFECTS AMALYSIS (FMEA) —- CRITICAL FALLURE MODE ATTAZNMENT - .
_ NUMBER: 03-3.2007-02' PAGE 62 OF 265 .

® (D) FAILURE HISTORY: .
THIZ FALLURE MISTORY RESIAS 70 49D 12 aPCLICABLE T0 3074 TaE IMS IND
A0S, ETEMTEIN L[ASEZ OF vALVE Fi:L 70 FUNCTICN JUE TQ FAILZ) aLyz
ACSITION INCICATIR IWPIY SWITCHES 11§ FLLanT, 2 GRCLND).

CAR 12FJOL ALCRESSTI LIMIT SWIT:Zy FAILURES. THE CRITICAL —ANX AND
CAOSSrPZEQ/VALYE SWITCHES ARD ZEING REPLACED WITH “PINDY TE3TED SWl™C4t3
SURING THE POST STS.5TL STAND JGWN PERIGU., ACTUATORS WITH PIND-TISTID
SHITCHES NiW IN FROOUCTION, PLAN CHANGEIUT OM ATTRITION 3ASIS (2XoZPT
VALVES CRITICAL FOR ABOAT)Y,

THIZ FALLUAE HISTCRY REFIRS TY AmD IS 1hPLICAELE TQ BOTH THE CMS aND
AC3. A TOTAL OF 13 BELLGW FAILURES WAVE 3ETN RETIROED TO DATE FOR CMS
ANC RCS.

(i) 2 FAILURES WHICH HAVE NOT SECN CVALUATED ARE RECQRDED ON ADJ3FS.

{2} 9 WERE DUE TO POROSITY (PAROUS WELQ AT END COLLAR, AND ARE
RECCRDED ON ACS013),

{3) 4 WERE QUE TO COLLAPSED BELLOWS (DEFORMED BELLOWS CINVOLUTES) AND
ARE RECORDED ON AGDO35 (INCLUDES 1 FAILURE FRGM ITEM 2) ABOVE wHICM
ALS0 EXHIBITED POROSITY. :

DEFORMATION GF THE BELLOWS HAS BEEM ATTRIBUTED TO INSUFFICIENT FILL OF
THE BELLOWS WITH KRYTOX DURING ASSEMALY, THE QEFORMATION OCCURS
OURING SUBSEQUENT PROQF PRESSURE TESTING. THREE DELTA VERIFICATION
TESTS WERE CONQUCTED ON YALVES WITHW DEFORMED BELLOWS. ALL THREE
VALVES DEVELOPED LEAKS (REF AD1#837) ACRDSS THE BELLOWS QURING TEST.
TWO VALVES COMPLETED 5 MISSIONS AND ONE VALVE COMPLETED 50 MISSIONS.
THE LEAKAGE WAS LESS THAN 1 X10 -6 SCCS. HOMWEVER THIS LEAK RATE CAN
RESULT IN A NOM-FURCTIQNING VALVE AFTER AN EXTENDED PROPELLANT EXPOSURE .
TIME IN THE ACTUATOR. THE ALLOWABLE LEAX RATE FOR THE RELLOWS HAS
BEEN CHANGED TO i X 10 EXP-8 SCCS. [IMPROVED PROCESSES AND FROCEDURES
INCLUDING VERIFICATIONQF PROPER FILL OF THE BELLGWS WITH KRYTOX HAVE
BEEN IMPLEMENTED FOR FUTURE BUILOS. ALL INSTALLED VALVES WERE
INSPECTED BY X-RAY FOR GELLOWS DEFORMATION. VALVES WITW UNACCEPTABLE
BELLOWS WERE REPLACED. A SMIFF TEST OF ALL VALVE ACTUATORS IS ALSD
REQUIRED FOR EACH FLIGHT.

m (E)} OPERATIONAL UREr
ATTEMPT TO OPEM VALVE BY USE OF MANUAL SWITCH. USE REDUNDANT VALVE TO
PROVIDE FLOW PATH (VALVE I3 NORMALLY OPEN). FOR TWQ FAILURES, USE
MIXED CROSSFEED OEORBIT BURN TO MINIMIZE ¥ (G OFFSET.
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RELIABILITY ENGINEERING: J. N. HART
DESIGR ENGIMEERING ¢ V. F. ROZINOS
QUALITY ENGINEERING : ﬂ. J. BUTTNER
NASA RELIABILITY

NASA SUBSYSTEM HﬂHhEEF! :

NASA QUALITY ASSURANCE :
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